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if Ne RODUCTION 


meee LHe NEED 

iAcwbancerorees Division (LFD) of the Office of the 
Assistant Secretary of Defense for Program Analysis and 
Evaluation (OASDPA&E) desires a quick time computer model 
to examine the effects of different U.S. weapon mixes against 
a Soviet force. They want the model to include both direct 
and indirect fire weapon systems for at least a division size 
combined arms operation. When the Land Forces Division 
examined the current models market they discovered that no 
model met their criteria. In addition they felt that the 
currently used firepower scores (FPS) based upon the product 
of lethal area times expected ammunition expenditures and 
the Anti-potential Potential (AP-P) eigenvalue approach did 
not contain enough battlefield interrelationships and weapon 
characteristics in their data to be useful in examining force 
mix relationships. Therefore, they were looking for an 
€igenvalue method which would employ more battlefield quali- 
mes. 

Mac rp contracted with the System Planning Corporation 
(SPC) for a model to accomplish their proposed force mix 
analysis. The SPC's proposal was the Counterforce Potential 
meeel written in August 1981 by F.W. Young and T.F. Hafer. 

The question remains whether this model meets the needs 


@epchie LFD. This answer is the goal of this thesis. 





B. BACKGROUND/HISTORICAL PERSPECTIVE 
l. General Introduction 

In a review of large scale modeling, the main methods 
were linear models of imputing values to weapon system types. 
Within these models, the subjective firepower score approach, 
the lethal area times the expected ammunition expenditure 
fire power score approach (which will be referred to as the 
product method), and the eigenvalue approach will be examined. 
In Chapter IV these methods will be used to compare the consis- 
tency of the Counterforce Potential (CP) results. 

According to Lester and Robinson {1], a firepower score 
1S a Single number representing the military worth or capa- 
bility of a particular weapon system. Commonly, it is used 
to develop a measure of combat potential of a force, which 
can be of any size usually greater than a division. This is 
achieved through the use of the firepower index. The index and 
score are not synonymous, although they are closely related. 

A score is a number assigned to a weapon system and an index 
is the linear sum of the scores within a unit. The score is 
also an input of a linear model, while the index is the scalar 
output of the same model. 

The index is a linear combination of the firepower 


scores and represents the aggregation of all the weapon svstems 


Within the force. The general linear formula, as shown by 
James G. Taylor {2] is I = ) S,X,. Here S, represents the 
i 


firepower score of a weapon of type i and X. is the number of 


Its 





weapon i that there are in the force. According to J.R. Bode 
[3], an index like the firepower score may be developed from 
a totally subjective base, the product method, a combination 
of the linear model with judgemental relationsnips (WEI/WUV) , 
or the eigenvalue method. 
Pee oUbseCulve Fimepower Scores 
a. General 

In the subjective firepower score approach there 
are two methods which will be described, "subjective" and 
WEIL/WUV. 

The "subjective" method is a quite simple approach. 
A military committee subjectively assigns firepower score 
values to weapon systems in accordance with a given bounded 
scale. 

A more complicated subjective approach is the WETI/ 
WUV method. In this approach a committee of military person- 
nel apply a subjective weighting (called a DELPHI number) to 
weapon characteristics in order to develop a score fora 
weapon in a particular family of weapons. 

b. “Subjective™ Firepower Scores 

The easiest way of describing this methodology is 
through an example. A committee of military officers placed 
a subjective score on an entire weapon system. This committee 
was provided the bounded scale (0-100) and the systems to be 


Peored. Their results are shown in Table l. 
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TABLE lL 


Subjective Firepower Score/Index 


WEAPON SCORE (S.) QUANTITY SX; 
M16 L L100 100 
M60 MG 3 LO 50 
Tank 1g) 10 EG 
Tow 10 5 50 
Dragon Ce = 44 
Howitzer Wy 10 17-0 
INDEX: 584 


c. WEI/WUV 

Lester and Robinson [1] state that all of the 
weapons considered are divided into seven classes according 
to general functions and characteristics: portable small 
arms, vehicle mounted small arms, tanks, Armored Vehicles, 
Sijeb—-tank, artillery, and mortar. A standard weapon was 
meecked in each family: M16, MI13, M60Al1, M551, TOW, 155mm 
Howitzer, and 107mm Mortar. Some versions allow the M16 to be 
the standard weapon for all the families so a better compara- 
tive relation can be made. For each family, a set of dominant 
characteristics was listed; for example: Tanks are defined 
Peecirepower, mobility, and survivability. 

For each weapon a WEI is defined as the weighted 


sum of the dominant characteristics. J.R. Bode [3] gives an 
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Semation £Or this as: WEI = WiC + WoC, = WC. =: ee 2 
where W. are the subjective weights and C. are the dominant 
characteristics. The W can be different for each 1 but 
) W, = 1.0. 
a 

Each of the dominant characteristics is broken 
down to subcharacteristics and each of those is also subjec- 
tively weighted. The equation for each dominant characteris- 
tic is: C. =) d.(Sc./Sc_.) where the sum of the d. equals 

a i 2 a Sl ah 

one (1.0) and the Sc; are subcharacteristics normalized to the 
standard weapon. 

For example, the score for a tank (M60Al1) would be 


developed as follows for the dominant characteristics of fire- 


pewer (F), mobility (M), and survivability (2): 


Firepower F f(lethality, ammunition, aux-weapons) 


3 
i 


-4(L/L.) _ -3(A/A,) = - 3 (aW/aw .) 


Mobility M = f(speed) where: speed (Sp) 

Ne 1.0(Sp/Sp .) 

Survivability 2Z2 = f(speed, armor thickness) 
where: armor thickness (T) 

Z = -2(SP/SP - 7a) 


where all the dq. are subjective weights which can 


Hemet EEeGeme LOr Cach subcharacteristic. 


2a 





Let the M16 be the standard weapon. 


Let L = 200, lin 1, A = 48, Bo 18, aW = 3, aw, = 1, 


oo = 30, Se aoe = 5 iis = |]; then 
noe VOM er. S( 45/10) + .3(3) = 81.7 
M = 30 
See cS) 06 SL 7 
Thus, 
eran) Gol.) + 22430) + .2(17.5) = 58.52 or 59. 


The WEI/WUV system 1s a combination of subjective 
weights applied to quantified characteristics. A completed 
WEI/WUV system based on the M16 being the standard weapon is 


displayed in Table 2. 


TABLE 2 


WEL/WUV Score/Index 





ITEM WEL QUANTITY S 4; 
M16 lags 9) 100 100 
M60 MG 8.0 10 80 
Tank Se) 10 390 
TOW 40 5 200 
Dragon eS 4 140 
Howitzer 113 im) Ie eyo) 
ILS UD IED.C 2240 
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3. Product Method 
a. General 
A more widely used approach is one in which the 
score equals the product of lethal area and expected ammunition 
expenditures. The single round lethality is found in tables 
and 1s calculated from empirical data. The ammunition expen- 
ditures (rate of fire) is a numerical constant and can be 
found in tables or in technical manuals of the weapons. Most 
of the empirical data for relating lethalities of point and 
area fires were gathered in WWII. Lester and Robinson point 
out the relationships and speculations that exist with the 
WWII data {l1]. Questionable areas include age of the data, 
new versus old weapon types, and relevancy to current trends 
in tactical warfare. These questionable areas make the use 
of this empirical data for current model usage dubious. 
b. Product Method Methodology 
The data values (computed by the product method) 
were extracted out of FM 105-5 [4] at 300 meters for the same 
scenario as above. The scores were precomputed by the field 
manual. The index is computed using the form: I = ) SX. 
c. Rank Orderings of Weapons ; 
The significance of the comparison of two methods 
ls their order ranking of the weapon systems, based upon 


eel r Sa score. These rankings are shown in Table 4. 
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TABEE 3 


Product Firepower Scores 


WEAPONS SCORE (S.) QUANTITY S,% 


a 
M16 1 100 100 
M60 MG 6 10 60 
itsliell;< 34 10 340 
TOW 60 5 300 
Dragon 50 > 200 
Howitzer 100 10 1000 
INDEX: 1694 
TABLE 4 


Order Rankings 


SUBJECT LYE WEIL PRODUCT 
HIGH Tank Howitzer Howitzer 

Howitzer Tank TOW 

Dragon TOW Dragon 

TOW Dragon Tank 

M60 MG M60 MG M60 MG 
LOW Mlo M16 M16 


The ranking differences prove that problems in imputing rela- 
tive values to weapon systems can develop depending upon the 
chosen imputing method. A totally consistent method for 


imputing value and achieving rankings is presently non-existent. 
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These order rankings are important for sensitivity and force 
mix analysis. Therefore it is critical to have a method that 
is proven acceptable. 

When these methods are used for both forces, 
friendly (blue) and enemy (red), we obtain two indices. The 
force ratio is the ratio of these opposing indices. Although 
in most models the force ratio is a value used to predict 
battle outcomes we shall consider the static force ratio as 
our measure of effectiveness (MOE) as it is in the Counter- 
force Potentials model. Thus the force ratios must be consis- 
tent among the methodologies. This will be examined in 
Chapter IV. 

Pee Here lue  Metiod 
a. General 

The third method to be examined is the eigenvalue 
method. This method was developed for modeling in the early 
1970's, and had its origin in the IDAGAM model. It computes 
firepower score values and thus can be used to provide force 
ratios. 

The eigenvalue method says that the value of a 
type 1 weapon system is equal to the value of everything it 
can kill. Thus the eigenvalue approach is more scenario depen- 
Gent than the previously examined methods. The weapon quanti- 
ties in the force level vectors and the attrition coefficients 


for the scenario affect the values of each weapon. 





An advantage to this approach is that it eliminates 
the weighting factor from the subjective method. It addition- 
ally allows the force levels and the scenario to impact upon 
the resulting values of the weapons. 

b. Methodology 

According to Anderson [5], the principle of the 
Anti-potential Potential method is that the value of each 
combatant of type 1 1S proportional to the total value of 
enemies it kills. The following methodology derivation for 
the eigenvalue method is given: 

Let X be a vector which represents the number of 
systems of type iin the blue force: X= (X)X5,Xa7----X,)- 


Let Y be a vector which represents the number of systems of 


). Now, 3 and 


type j in the red force: Y= (Yap ¥or¥ ares Yy 


S53 are unknowns corresponding to the values of type 1 and j 
systems for X and Y, respectively. Let S33 be am xn matrix 
which represent the rates type j systems kill type i systems 
pag 5. . 
7 oh 
systems kill type j systems. Recall this method is scenario 


be an X m matrix which represents the rate type l 


Beeencent, and this is represented by the input a.. and ea 


J 
matrices which vary with the scenario. The equation forms 


are: 


n 

cuss = } Do aS 

- j=1 ji J 

Tl : 

ag! = ) a. : 
v3 hc aes 
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where: 


Cy. and ST are proportionality constants; 


ais and ol are attrition coefficient matrices; 


s* and 5 are weapon values. 


Combining yields: 


This form is an eigenvalue problem of the form: 


= ee ae, 
where 


XA is the eigenvalue and M is a matrix. 


Where: 


The eigenvalue method 1S well defined under the following 


Senditions: 


Ze 





(ly) ae £ (ap)? eee eimenece exists for one real 
A, »A greater than 0, a corresponding eigenvector which is 
greater than or equal to 0. 

(2) i is the largest eigenvalue and corresponds 

* 
to CSy =A. 

es) oe is the eigenvector corresponding to ie 

Early criticisms of this method include:1 

(1) the inability for the military leaders to 
influence the relative value and ranking of the weapon systems. 

(23 interactions of the matrices Bais and Daur 
which can lead to S* and S” that are DavadOxi Gal. 

The System Planning Corporation picked the eigen- 
value approach and sought to improve the calculations of the 
values of each weapon system by reflecting more combat pro- 
cesses on the aj and on Matrices. Their product was the 
Counterforce Potentials model. 
mee 6 COUNTERFORCE POTENTIALS MODEL FLOW 

The Counterforce Potentials model is designed to provide 
a static measure of effectiveness for alternative blue (US) 
weapons forces against a user specified red (Soviet) force. 
The methodology 1s responsive to any scenario involving armor 


oriented combined arms threat. 


syartman, J.K., Unpublished classnotes on Mathematical 
Models in Combat, Naval Postgraduate School, 1982. 
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ie “The Approach 


The model assumes that ground forces fight to take or 
hold terrain with direct fire weapons as their primary weapon 
system. Another assumption is that the typical battle is 
characterized by a continuous exchange of indirect fire in 
Support of short term direct fire engagements. The approach 
has four submodules, shown here in Figure l. 

mae ounce rod tema Exchange 

The Counterbattery exchange is between indirect fire 
weapons systems only. Its purpose is to assess the casualties, 
damages, and suppressive effects of firing batteries against 
their possible target batteries. It examines the general sup- 
port activities of each force and uses the Quickie Artillery 
model [6] to perform the calculations. The assessment tables 
are used with specified user allocations of counterbattery and 
countermaneuver battery ammunition to measure the degradation 
of allocated fires for the countermaneuver exchange based on 
the counterbattery exchange results. 

3.  Countermaneuver Exchange 

The countermaneuver exchange considers the indirect 
fire systems against the direct fire systems. It examines the 
direct support activities of the forces and again uses the 
Quickie model [6]. Fractional casualties, damage, and sup- 
pression of direct fire weapons are calculated from density 
(rounds per unit area) and the mean area of effectiveness 


(MAE) of indirect munitions which are user specified. 
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Figure 1. Methodology Flow 





4. Direct Fire Exchange 

The direct fire exchange is between opposing direct 
fire weapons that remain after the effects of the counter- 
maneuver exchange are assessed. The 1 on 1 kill potential of 
each weapon system in this model is defined as a function of 
Single shot kill probability (PPSK), probability of engagement 
and rate of fire. Average 1 on 1 kill potentials are calcu- 
lated for each direct fire weapon pair based upon user speci- 
fied distributions of ranges and force postures. Total kill 
potentials, Pas which correspond to the He and 2a 8 matrices 
used in the eigenvalue method, are calculated in proportion 
to the remaining number of direct fire weapons after the 
countermaneuver exchange and in accordance with optional user- 
specified allocations of fire, Sey among potential target 
types. This results in a series of killer-victim scoreboards 
that show the potential number of kills for each type of 
weapon against each weapon type in the force. These are 
potential kills because they do not reflect the size or the 
employment of the enemy in the kill rates. An example will 
be shown in the analysis of the direct fire module in Chapter 
Beal 

59. Eigenvalue Method 

From the killer-victim scoreboards, Pas and Pia an 

eigenvalue method is used to compute the relative value of 


each direct fire weapon system and the total of each direct 


fire force. This eigenvalue approach assumes the value of 
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each weapon is proportional to the total value of the enemy 
weapons it is capable of killing. An arbitrary weapon is 
selected to be the base weapon with an assigned eigenvalue of 
1.0. Using this method, the total value of the force is com- 
puted by summing the values of direct fire weapons that sur- 
vive the opposing Countermaneuver exchange. A force ratio is 
then defined as the total blue force value divided by the total 
red force value. The value of the ratio is the measure of 
effectiveness, MOE, of the model. The objective of alternative 
force mixes is to achieve the highest ratio against a constant 


user specified enemy force. 


D. INTRODUCTION SUMMARY 

Major innovative changes in the calculations of the force 
ratio are incorporated in this model. Although the analytic 
forms of the eigenvalue method are quite similar to the 
Original AP-P methods, the methods of obtaining the inputs and 
the type weapon systems used in the method are different. The 
eigenvalue method in the CP model includes only the direct fire 
weapons where past models have included both direct and indirect 
fire weapons within their AP-P approach. The counterforce 
potential's methods of incorporating the indirect fire weapon 
are quite different from previous models, although easily 
Followed. It is critical with these new techniques to insure 
that the model has not missed the intent of the requested in- 
Formation in its attempt to provide numerical solutions to the 


user. These differences incorporated in the Counterforce 
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Potentials model will be examined to determine if they are 


valid in the attempt to answer the force mix questions. 


Pee PREVIEW OF ANALYSIS 

The flow of the submodules through their analytic forms 
will be examined in Chapter II. The underlying assumptions 
and the analytical form used to achieve the outputs, which 
are used as inputs elsewhere within the model, will also be 
viewed. Emphasis will be on the individual analytic form as 
an input-output device for the model. The theoretical model 
forms will be analyzed for their use in realistic combat fire- 
power mix analysis. 

In Chapter III the submodules will be linked and examined 
for their inter-relationships. These submodules are the 
Counterbattery, Countemaneuver, Direct fire, and Eigenvalue 
modules. The order of implementation of the submodules will 
be examined to determine if they provide realistic outputs 
supporting tactical employment within combat modeling. The 
goal will be to examine if the model, as linked together, can 
be used as intended by the Land Forces Division, 1.e., to 
Secain the optimal force mix for the U.S. forces for given 
scenarios. 

in Chapter IV will be an examination and comparison of 
the Counterforce Potential model to the previously described 
methods of subjective FPS, product FPS, and an earlier eigen- 
value approach (similar to IDAGAM). A specific scenario will 


be given and the force ratios for each method will be calculated, 
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examined, and compared. Sensitivity analysis of the question 
whether to increase tanks or artillery will also be examined 
and compared. The goal is to check for consistency between 
these methods. 

Chapter V will be the conclusions and VI the recommenda- 


tions to the Land Forces Division based upon the analysis. 
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Meee weoeRt PP PrON TOF ANALYTIC FORMS 


In this chapter the analytic forms used within each sub- 
module will be described, examined, and analyzed. This chap- 
ter will flow in the same sequence shown in Figure 2. The 
equations will be treated independently within their respec- 


tive submodule. 


Pyee, COUNTERBATTERY EXCHANGE 
1. Rounds Fired in the Indirect Fire Submodules 
The total number of rounds fired, Nay is computed 
for each particular type of indirect fire weapon. 
a. Assumptions 
All available weapon fire at a sustained rate of 
fire over a given fire period. 


pemeemocel Form: N. = WwW. xR. xT. 
a a 5 


at 
Where: 

N. = number of type 1 rounds fired; 

Ws = number of available type 1 weapons; 

Rs = maximum sustained rate of fire of weapon 1; 

T; -mcuratton Of the indirect fire period. 


c. Analysis 
PE PRene anputs “EO N; are user inputs. The user 
inputs are Wie the weapons, R,, BieommaccouO muri ce, and Ta) tae 


period. The inputs of Ws and tT; are scenario dependent as each 
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reflects changes to the force and the fire period respectively. 
The maximum sustained rate of fire for weapon l, R., isa 
value which is obtained in a testing environment. R. can be 
found in the technical characteristics data of each weapon 
in its respective technical manual. Testing for each weapon 
differs somewhat in conditions thus each test reflects differ- 
ent effects on the maximum rate of fire. There exist many 
other areas which affect achieving the maximum rate of fire-- 
mampacLelcular, target acquisition. Rather than to try to 
subjectively measure or guantify these effects on Ri, ie 
seems better to use the tested rate that is in the manuals. 
The results of using these constants are an optimistic number 
for the rounds fired by weapon i. 
2. Allocation of Rounds to the Indirect Fire Submodules 
The total number of rounds fired are allocated to 
each of two indirect fire submodules: counterbattery and 
Semmctermaneuver. 
a. Assumptions 
(1) User can satisfactorily allocate the fraction 
of rounds for the counterbattery exchange. 
(2) The total number of rounds is equal to the 


sum of the rounds expended in the two submodules. 


4. (WeP el seem = iw eas 
aE a a 
CM _ CB 
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where: 


Ne = number of type i rounds allocated to 
at 
counterbattery; 
ae = user-specified counterbattery allocation 
Louuvedeen tyme, i: (0 < £ < 1); 
CM 
Ne = number of type i rounds allocated for 


COuUnECEManeUlveor fires. 


c. Analysis 

The user input of the fre Sioa (anak welrer= ae 
and needs to have a more sound basis from empirical data than 
to be subjectively obtained. The computational form is a 
Pepaignt forward fractional form. It is important for the 
user to have a basic idea of the allocation for the fractional 
amount of rounds fired for counterbattery. Most artillery 
officers claim that there is no straightforward way to allo- 
cate fractional fires since the counterbattery mission is 
highly dependent upon the enemy weapons being detected and 
engaged [9]. It seems possible to measure this fractional 
allocation, a in one of these three presented manners. 

(1) Assume that the indirect weapons have only 
two missions, counterbattery and countermaneuver and that 
these are sole dedicated missions. These missions are assigned 
at battalion level either being Direct Support (for counter- 
maneuver) or General Support (for counterbattery). Then ee 
can be estimated as the sum of the General Support weapon 


i‘s divided by the total number of weapon i in the force. 


38 





(2) The user's specification of susceptible 
weapons to counterbattery fire can be used to set up an 
allocation scheme. The fraction f can be the sum of the 
susceptible weapon i divided by the sum of these weapons 


plus the direct fire target force. 


Formula: 
ee ese we oy) Scat.) + () 0.) 
a sh wal heal el. 
aL 1 ou 
where: 
Sc, = the percent of type i weapons that are 
susceptible to counterbattery fire; 

I. = the number of indirect fire weapons i; 
Q. = the number of direct fire weapons 1. 


(3) Subjective assignment by the user as cur- 
rently done in the model. 

In the above allocation schemes flaws still exist. 
In case (1) each battery of Direct and General Support will 
not always fire sole dedicated missions but will fire both 
counterbattery and countermaneuver missions. In case (2) the 
examination requires intelligence information which probably 
will not be available during advance planning. In case (3) 
the subjective input may give radically different results. 
Se@o7ectivity should be excluded from this model for it to be 


an improved method. 
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ee Gace vate YSsebrred bye Each Battery Weapon 


a. Assumptions 
A proportionality relationship exists in the 


determination of volley quantities. 
CB 


b. Model Form: Uae = (N A DN Sin 

Where: 
Vs. = average number of type i volleys fired 

J against each opposing type j battery; 
Neo = number of type 1 rounds allocated for 

counterbattery fires; 

M. = number of weapons per type 1 firing battery; 
su = number of weapons per type j target battery; 
Qn = the total number of indirect fire weapons 


in the opposing force that are susceptible 
to counterbattery fire. 
c. Analysis 
This quantity 1S an expected value for volleys at 
a J target battery. There are no priorities of fires and each 
battery 1s designated by user inputs as susceptible or not 
Susceptible. The number of volleys is influenced by the 
user specification of susceptibility. As an expected value 
there is no provision for a massing or concentration of 
fires at a target. 
MaewmMeoGge erasetebles for the 1,2,4,6,8,10,12,16, 
20, and 24 volley effects for damages, casualties, and sup- 


pression. Thus if the computational volley, ae 1s not one 
{| tf 
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of the tabulated volleys than an interpolation for effects 
must be used in the next sequence. 
4. Fractional Effects in Counterbattery 
The fractional effects for damages, casualties, and 
Suppression are calculated for the value of Vase the average 
volleys fired by each battery weapon. 
a. Assumptions 

(1) The effects are deterministic events fora 
given number of volleys. 

(2) Effects of damages, casualties, and suppres- 
sion can be expressed by the same deterministic functional 
form with different coefficients. 

(3) The effects are approximated by an exponen- 
tial expression. 

(4) TI€£ Vis 1s not one of the tabulated V then 
it will be between two which are thus interpolated for the 
Subsequent effects. 


(5) The maximum number of volleys is 24. 


b. Model Form: Sad = l-exp(-(av+b) ) 
Ces vOr 7S) 
Where: 
fxs =eeraacetomal. LOSS. b,C, .or S$); 
Vv = the number of volleys of interest; 
= —_ ae _ re, de 
a lige £) Poa Fs GL vy) 
b = In(i-£) -- avy 
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and Vis and Vv; are the nearest tabulated number of volleys 


(vp eve < Vi) with corresponding fractional effectiveness 


values of t. and ti: 
c. Analysis 
The exponential expression tends to be the 
intuitive approach since as the number of volleys is increased 


the fractional effects, figs of damages, casualties, and 


Suppression also increase. In examining the form, it is 
imeortant to verify that the interpolation is correct for 


the cases where V = Vr and V = Vir 


(1) Case l: V= Vr. 


fis = iaero = (avr) ) 25 


ie = l-exp(-(av 


L + In(1-f,) - av, )) 


L 


Pieienis point, the av, 's would be expected to cancel and the 


final exponent of e should be In(1-f,) and not -In(1-f,). Abel 


this case the sign of b in the original form should be nega- 


meeve. the form should be; Hue = l-exp(-(av-b)). 
(2) Case 2: V= Vis 
f = 1 - exp(-(av + 5) 
= = -_ loa = ~ 
£ i} exp ( (av, + In(l-£) 4 av,,) 
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Again at this point the av,,'s are expected to cancel and the 


H 
exponent of e should be In(1-f). In order to achieve this 
the original form should be: #44 =e ex (av) ). 


As shown in the two cases a sign error exists in 
the documentation. The results using this form will yield 
incorrect interpolations and erroneous effects. If this error 
does not exist in the computer code or when it is corrected, 
then results yielded would be a correct interpolative effect 
of the number of volleys fired. 

59. Total Fractional Losses in Counterbattery 
a. Assumptions 

(1) The fractional casualties, damages, and 
Suppression are independent for each weapon i and for all 
susceptible weapon j's. 

(2. OS fan 2s are ae i ake 

(3) Weighting factor in the interval [0,1] must 
be applied for suppression to account for the length of firing 


period in regards to the length of the suppression (default of 


.9 1S assumed). 


(4) For reasoned suppression recovery 1s in 
seconds. 
(5) For unit disruption recovery in 15-20 minutes. 
(6) Model assumes unit disruption only. 
af 
Seeevodel tomm: Lea = L= ff (1l=C..) (1L=-D..) (l-w_S. .) 
5 Si 19 2 S25 
i=l 
Where: 
L = the total combined fractional losses to 


weapon j from all the effects for i type of 
firing weapons; 
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oe = fractional casualties from weapon type 1; 
D, = fractional damages from weapon type i; 

Si5 = fractional suppression from weapon type i; 
We = suppression weighting factor. 


c. Analysis 

The assumption of independence is highly suspect. 
For an individual weapon type i firing at target j the frac- 
tional effects are obtained. It seems reasonable that an 
artillery round that impacts which causes damages should also 
cause casualties to personnel for the weapon damaged. It also 
seems reasonable that if a round impacts causing casualties 
that there is a good probability that it also caused damages 
to their weapon system. In the same sense the round which 
causes damages and casualties could suppress weapon and per- 
sonnel near the impact. Thus it appears intuitive for a 
particular weapon i firing at a target j the effects of 
damages, casualties, and suppression are not independent but 
dependent events. It 1s not expected that the three effects 
would occur as independent points due to an impact point. A 
more likely expression would be for the events to occur within 
a given area dependent upon each other. 

The above argument holds true for the effects of 
successive volleys from a weapon i. A weapon firing volleys 
at the same target would cause the same relationship to the 


effects as the single round case. Thus the effects of weapon 
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i would still be considered dependent events. For example, 
if a forward observer reports the target is down the weapon 
discontinues its mission. This shows that a weapon fires are 
dependent upon the results of the previous rounds effects. 

For the effects of different weapons firing at 
target j it appears reasonable to assume independence. The 
effect of the other weapon round will not affect the damages 
or casualty effects of the other weapon. The effects due to 
the round for suppression could be affected by the other 
weapon rounds and thus independence is not a good assumption 
for the suppression effects. 

According to Fort Sill there exist later versions 
for the Quickie model [7] which overcome many of the statisti- 
cal independence problems. The SPC employs an earlier version 
of the Quickie model [6] in which the independence assumptions 
are not overcome. The later version should be considered for 
inclusion in the model. 

Suppression and the use of the suppression weight- 
ing factor in this model do not express the possible events 
relative to suppressive fires. In the Mitre Corporation's 
"“Counterforce Campaign Analysis" [8], they express three 
events which could occur relative to suppressive fires. 

(1) The unit receiving the fires ceases his 
mission and does nothing. 

(2) The unit receiving the fires ignores the 


effects, buttons up, and continues his missions. 


45 





(3) The unit moves from the position receiving 
the fires and continues operations and misSions. 

These are reasonable events to consider for sup- 
pression. Considering these events as variables, the weighting 
factor encompasses too many variables to be estimated by a 
constant value for a given scenario. Since the events do not 
occur across the battlefield uniformly, it seems inappropriate 
to assign one number to represent all the events. 

Combat Developments at Fort Sill treats suppression 
as a highly suspect area in modeling. Models based upon 
historical suppressive data may not be appropriate for the 
new and future weapon systems. It may be better to eliminate 
the suppressive effects until a better scheme is developed to 
express the events and the effects adequately. 

6. Total Effectiveness of the Indirect Weapon Type 
a. Assumptions 

(l) Rate of losses over the firing period is 
Gemstant. 

De OCe Peron: ES =l- L./2 


Where: 


es) 
i 


average fractional effectiveness of weapon 1; 


total losses of 1 due to all j indirect fire 
weapons. 


i 
ll 


c. Analvsis 
Our value here is the average fractional effec- 
tiveness of the weapon type. There dees not seem to be any 


Suspect area in this modeling approach. 
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At the beginning of the time period there are 

100% of the opposing indirect fire systems. Loss takes place 
at a constant rate over the period so losses equal the loss 
rate times the period. The average losses over the period 

are L/2. The effectiveness of the indirect fire systems is 
then, on the average, 1-L/2. The counterbattery and counter- 
maneuver exchanges occur over the same period of time so the 
average losses due to counterbattery are used as an input to 


the countermaneuver exchange. 


Pertrod is...’ 
\ Loss rate constant 


\ \ — 
\ bess ta) = RT" 


ae » Average loss over 


| S period = L/2 
a8 
| ~ E = 1-L/2 


Loss 
J 


Figure 3. Fractional Effectiveness Due to 
Constant Loss Rate 


47 





B. COUNTERMANEUVER EXCHANGE 
1. Calculation of the Number of Countermaneuver Rounds 
a. Assumptions 
Effectiveness of weapon i impacts upon its ability 


ea cire rounds. 


b. Model Form: U. = oc 
1 pbeest 
Where: 

U; = number of countermaneuver rounds fired by 
type 1 weapons; 

E. = the average fractional effectiveness of the 
firing weapon type i; 

nn = the number of rounds allocated for counter- 


maneuver fires 


c. Analysis 


Previously the number of rounds for the counter- 


CM 


maneuver exchange was expressed as NG ~ N,(1- £5"). This was 


the optimistic number of rounds allocated to countermaneuver. 
N. is equal to No + eae The adjusted form reflects the 
degradation due to the attrition effects. 

hes Ot we boatewhiy the total deqradation factor 
is applied solely to countermaneuver except for modeling 
convenience. The counterbattery exchange fires the optimistic 
number of rounds and countermaneuver exchange fires adjusted 
number of rounds. The order of combat firing sequence is 
Significant and will be addressed later but let it suffice to 


co say that countermaneuver should receive some degradation 


me not the entire factor. 
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2. Calculation of Fractional Losses in Countermaneuver 
a. Assumptions 

(1) Loss is a deterministic function of den- 
Sity and MAE. 

(2) The function is approximated by an exponen- 
tial expression. 

(3) The density is equal to total rounds/total 
area. 

(4) Total area is equal to the number of direct 
fire weapons in the target force divided by the assumed 
average density of the same weapons in the formations we 
expect will be used. 


b. Model Form: fs; — ee exp(-(d, (MAE) ) ) 
Cp. vor Ss 


Where: 


= fractional losses in damages, casualties, 


aig 
or suppression; 
dq. = NEI) of i's rounds per meter squared 
(m<) 
MAE = mean area of effectiveness of round 1; 
where: 
oe ; 
a o/s 
U. = countermaneuver rounds for weapon 1; 
A = target area 
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c. Analysis 

The basic theoretical form reveals as density, 
MAE, or both increase with the other factors held constant 
as the effectiveness increases. This is what we would expect 
to theoretically occur. The exponential expression is 
intuitively pleasing. 

A@ecoOrLaing =O T . Hafer ,- for a given area of size 
A the loss rate is independent of the size of the target 
force. For example, in an area of size A the rate of losses 
to tanks 1s 25% regardless of the number of tanks in the area. 
Thus in the basic form the approach employs area tvpe fires 
for the indirect fire systems against the Girect fire force. 

The System Planning Corporation provides the user 
an expression for the area A when the user is in an attacking 
posture. The expression is: A= T/Z. In this expression, 

T is the number of direct fire weapons and Z is their assumed 
density in their target formations. This approach assumes a 
great deal of intelligence information for the firing sys- 
tems, which would not reasonably be the case for an entire 
force. 

The emphasis on density and MAE still imply area 
type fires over a given area. There is no provision for massing 
of fires, the most significant generator of combat fire power 
provided by the artillery against a target [9]. The form 


must be sensitive to this attribute of artillery. 


geen, T., Interview, Naval Postgraduate School, July 1982. 
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ioe Etec LOudeebOsomen Bach Direct Fare Weapon Type 


a. Assumptions 
(1) Fractional losses are independent and 
deterministic functions. 


(2) Independence by weapon and target types. 


I 
Beeevodel) Form: &, = 1= HF (1-C..)(1-D..) (l-w_S..) 
3 See 1) 1) Ss 1) 
Where: 

L. = total combined fractional losses to the 3 

J direct fire weapon from all the effects for 

type I firing weapons; 

Sie = fractional casualties from weapon type i; 
Di 5 = fractional damages from weapon type i; 
Ss; = fractional suppression from weapon type i; 
Whe” AS suppression weighting factor. 


c. Analysis 


The analysis is generally as expressed in Section 


As before, the independence question is suspect. 
The direct fire weapon systems have a different relationship 
between the man-machine systems than do the indirect Pie 
systems. The direct fire system is self-contained. Thus 
damages, casualties, and suppression are dependent upon the 
round from system i and not independent for all firing weapons 
at the direct fire system. 

The arguments for the single round and the sinsle 


as described previously are even more valid against the 


aE 





direct fire system than they were against other indirect 
fire systems. The effects are suspect as independent events. 
4. Total Fractional Effectiveness in Countermaneuver 
a. Assumptions 
(1) Effectiveness is a deterministic function 
and has values between (0,1). 
(2) Losses are a deterministic function with 
value between (0,1). 
Dee Oco Mormn= —f.8= 1 = LL. 


a 1 


Where: 


eS) 
| 


= fractional effectiveness of each type 


: direct fire weapon; 

L. = total combined fractional loss to the 1 
direct fire weapon from all the effects 
for j type firing weapons. 

c. Analysis 


It is important to relate why effectiveness is 
now equal to 1-L whereas before it was equal to 1-L/2. 
Before the losses at the end of the period were not the objec- 
tive. The average losses were used to get the average effec- 
tiveness of indirect fire systems for the countermaneuver 
exchange. Now the indirect fire systems are engaging the 
direct fire system. The model assumes that all the indirect 
fire exchanges occur prior to the direct fire engagement. Thus 
the objective is the total losses at the end of the indirect 
fire period. At the end of the period there are L losses. 


Thus the resulting effectiveness, E, is 1-L. 
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At time T* the 
losses are at 


L'. The average 
loss is L'. 


| EB = 1-L' 
| 
| 


Figure 4. Fractional Effectivness Due to Losses 


See OLRECT FIRE EXCHANGE 
l. Direct Fire Kill Potentials, Ree Given. 1) 
a. Assumptions 

(1) Kill potentials are a measure of the number 
Gf targets (of a particular type) that a surviving direct 
fire weapon would be able to kill during a single direct 
fire engagement. It is anion j engagement pair. 

(2) Engagement period is assumed to be one (1) 
mrmiute . 

(3) Shooters posture, attacking or defending is 
Mot considered. 

(4) Cardiod hit distribution is used for single 
Segoe Kill probability. 

(5) Rayleigh distribution is used to express 


the probability of an engagement at range R. 


a 





(6) All weapon target pairs (i versus j) are 


considered. 
(7) Assume a single direct fire engagement 
Seriod. 
b. Model Form: K;, = Ty mi N(R) P, (R) p(R) GR 
Where: 
Po -eeeneon mon | Krill potentialsoGb a direct fire 
=< weapon type against j target weapon type; 
Th = length of the direct fire period in minutes; 
N(R) = the rate of fire at range R (shots per minute); 
P,(R) = single-shot kill probability at range R; 
O9(R) = probability that an engagement will occur 
at range R and 
{ o(R)@R = 1. 
0 
N(R) = 60/(tatt,), where: 
t; = detection time in seconds; 
<< = firing time in seconds. 


eo Analysais 
The direct fire kill potential is a value assigned 
to each weapon target pair. This value 1s a measure of the 
mamoer Of particular type—targets that a surviving direct 
Zire weapon would be able to kill during a single period of 


ixect fire engagements. In the theoretical form the kill 





Poeeentlals are a function of time, range, Pssk, probability 
of engagement, and rates of fire. 

The firing time te iSieaeUSser inpue. The firing 
time consists of the total time between shots to guide the 
mound to the target {as in the TOW), to reload, and to aim 
at another target in an assumed target rich environment. The 


definition of t~ must vary from weapon to weapon to reflect 


fe 
whether any of the functions can be accomplished simultaneously. 
For example a tank can reload and aim at the same time but a 
LAW cannot. It appears with this definition that the user 
may have a hard time making a good estimate for tee It would 
be an advantage for the user if this data were obtained and 
tabularized for use within the model. 

\ The detection time parameter, tar isemeant tobe 
a variable which reflects time to detect in a target lean en- 
vironment so systems can employ and take advantage of their 
target acquisition capabilities. Currently the model is not 
using t, as a function of acquisition and range. The parameter 
ta 1S Significant in the calculation of N(R). The parameter 
must reflect target acquisition as a function of the type 
te 


System and the range. Like t should be provided as real 


i i acl 
data available for use in the model. 

THe onenaslltey Of Single shot Kill at ranqe R is 
M@aoiiarized. it is derived from a cardiod hit distribution. 
This particular distribution is used often in the modeling 


of single shot kill probabilities and is accepted in the 


modeling community. 
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ie 
p_, ; =e _¢ ° : = 
Kill |Hit a eee anche Pesk ~ Frit Pxii1|nit 
icine Se cauclond itt Distribution 


Memrscederedlistic expression of single shot kill 
Preoseabilities. 

The e(R), probability of engagement at range R, 
has been characterized as a Rayleigh distribution. Young and 
Hafer relate they chose the Rayleigh due to its following 
advantages: (1) it represents the distribution of ranges be- 
tween a point in the cartesian coordinate system and a set 
Senormally distributed points and (2) it is characterized by 
a Single parameter which facilitates rapid sensitivity analysis. 

The distribution appears to reflect more than just 
a probability of engagement. It reflects for a given a param- 


eter, a relating to the type terrain over the range, the most 
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Figure 6. The Rayleigh Distribution 


likely range of engagement. The peaks of the distribution 
reflect the highest probability of an engagement. For example 
in the case of a = 560 meters (which relates to mountainous, 
or heavily forrested terrain, a firer would more likely engage 
G@etarget at a range of 500 meters than at a range of 1000 


meters or 100 meters. 


Gre 5010)} = 00 se 
o (1000) = 200054 
9(100) = .00039 


ay ii 





This analysis shows that in this type of terrain 
the firer's most likely engagement range is 500 meters. 

The individual weapon target kill potential, Kas ¢ 
is calculated for each type 1 versus each type j system. See 
reflects a one on one by weapon type kill potential. IS 
assumes that i directs all of its fires at each target j for 
the entire engagement period. hp is then the potential kill 
rate of weapon 1 at target j. For example, assume we have 
tanks (1) firing at saggers, BMPs, and troops the j targets. 
Then for ae 

TABLE 5 


lon 1 Kill Potentials 


ie sagger EEOOps BMP 


Tanks me <3) 7S 


These represent possible 1 on 1 kill potentials of the tank 
against the j targets. This example illustrates the highest 
1 on 1 kill potential is troops. As this example is continued 
in the analysis the significance of the values of Soe ae 
Bewseen to be modified by other factors. 

2. Killer-Victim Scoreboards, Total Kill Potentials uae 
a. Assumptions 


(1) Scoreboard values represent the number of 


target kills by type target for each firing weapon type. 
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(2) 


Pieced eLon tract Lon =o 1s dependent 


upon the option the user selects. 


S) 


numbers, threat, 


(4) 
developed. 

i) 
E.- 

(6) 


There are three option allocations for fi; 


Itittyce wilde tie threat. 


No other option schemes for fi. have been 
Number of effective i weapons is Q. times 


Allocation options are provided to the user 


for each weapon type. 


Deaocel Form: PP... = £..*O.xXE.xK... 
cNigihwess ape os aaa B 


1) J 


Where: 


13 


Eg 
1) 


rae 
1) 


total kill potential of weapon i against 
weapon Jj; 


fractional allocation of the force's avail- 
able weapon-on-minutes of type 1 against 
type j targets; 


Guaneiey OF weapon isin the force; 


fractional effectiveness of weapon i from 
countermaneuver exchange; 


1 on 1 kill potential of weapon i against 
target j} assuming all fires that are at }. 


The following are allocation options for Sane 


a 





na fae a 
1) ita) 


Ran. aK. 
1) aS 


where: 


ene fmaceronalal lecat1On Of fining type 2 
J against target type weapon j; 


Or = the number of type j target weapons in the 
opposing force, unless the 1 on 1 kill 
potential is zero, then Q. equals zero; 


.. 


= the 1 on 1 kill potential of firing weapon 


me against the target weapon; 
Ke. = the 1 on 1 kill potential of the target 
J weapon against the firing weapon. 


c. Analysis 
The ae factor represents the fraction of force 
available weapon-minutes of type i potential allocated against 
type 3 targets. The factor can be expressed in terms of the 
number of available target weapons, their proposed threat, 
@mei'S ability to kill j's threat. The forms of fi are linear 


Mmeactions, where the sum over j of f.. is one (1.0) for all 1. 


13 
These schemes are reasonable allocation methods. The forms 
are simple yet adequate to achieve the fractional results 
desired. Although priorities of direct fire are not addressed 


1t does appear as though the three allocation methods cover 


the possible priorities. The only questionable area in the 
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allocation methods is why Q. was used and not Sia Be DBEOGUCE . 
It apvears that the fractional effectiveness of the J force 
should play into the allocation scheme of the i potential. 
The E. factor could alter the allocation schemes and perhaps 
have six available methods. 

The factor Q., the available i systems, and Bae 
the fractional effectiveness of the i force, are used together 
to give the realization that not all weapons are at 100 per- 
cent ability. Their product will yield the usable weapon 
count of 1 type weapons. It is this factor that is considered 
with the allocation factor f times the one on one kill poten- 
tial to achieve the potential number of target kills by type, 


D.., for each firing weapon type. Thus the product is the 


LJ 
total potential of type i weapon against type j targets for 
direct fire weapon systems. 


The Pi is the total force potential of type 1 


weapons against type j targets. Continuing the example from 

the one on one kill potentials, the calculation for re Ou 

100 Tanks (system i) with an effectiveness, E, of .75 using 

the form P.. = K..Q.E.f£.. would be as shown below in Table 6. 
iL 5 es jac ae Mie es 

Let there be an opposing force consisting of 50 Saggers, 200 

Individual Troops, and 40 BMPs. Using the option of allocation 


by threat where Kas Poo), ieeomeeor the kill rates of the 
) 


Sagger, trocps, and BMP against tanks. The threat option uses 
SE 
akg ep ; 
re 
oe ji 
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sbyle 1ole WS 


Total Kill Potentials 


SeleiC(Se Troops BMP 
ani Ks. 6 wee a 
1) 
ie als) 25 20s alae, 
1) 
ey be $375 .024 Oo 
1) 1) 
ms Core Lee a. 
1) 


ims Significant to point out that although the Spe against 
the troops is the highest potential 1-1 kill rate, that the 
troops receive the lowest total kill potentials. The frac- 
mmonal allocation, Beat is the contributor to this change. 
The low threat by the enemy troops led to the tanks potential 
kills going to the Saggers and BMPs. 

The ae are called potentials because the number 
of opposing weapons by type may be less than the total number 


of potential kills calculated. 


Dee ELGENVALUE METHOD 
1. Relative Values of the Forces 
a. Assumptions 

(1) The value of each weapon is proportional to 
Sme Value Of the weapons 1t is capable of killing. 

25 C. equals Ss and Cy equals Rye 

(3) Beta, 8, is the constant of proportionality 
introduced to create simultaneous equations from the propor- 


tional relationships. 
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(4) One weapon type is assigned an arbitrary 
wealue of 1.0. 

(5) In normal eigenvalue methods there are no 
guarantees of unique solutions. 

(6) By eliminating indirect fire weapons we can 


guarantee unique solutions. 
oe 
P,4V, V<t1/0,) ) P 


b. Model Form: ee om 
1 al eo. 3 Seeea 


et 
; J 


Hoa 


Where: 


Sw 


= the value of a single type i Blue weapon; 


z 
cA = the value of a single type j Red weapon; 
QF = the initial number of type i weapons in the 
force; 
on = the initial number of type j3 weapons in the 
J force; 
is = the total kill potential of 1 against j; 
Opa = the total kill potential of j against i. 
With proportionality constant beta, 8, yields: 
B 2 R 
El Oe) ee 
i 2 ae 
j=1 
R R om B 
Bye = “(17@. Ma ae 
5 /Q.) obs aa la 
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Coe Analysis 
The theoretical form is consistent with the form 
discussed by B. Anderson in the IDAGAM model [5]. The method 
performs as described in the background of Chapter I. The 
lack of indirect fire weapons in the eigenvalue computations 
Mmenot COncern Dut will be addressed in Chapter III. 
2. Indices and Force Ratio 
a. Assumptions 
A linear model relationship exists. 


b. Model Form: FR = (Blue Force value)/(Red force 


value) 
Where: 
2 B 
Blue force value = } @Q: We 
. i 1 
i=l 
Y ee a 
Red force value = 1 On ye 
ee eed 
J 
eseAnalysis 


The forms are consistent in their linear relation- 
eps With the forms expressed by Prof. J.G. Taylor and the 
IDAGAM model [2,5]. Although consistent with previous rela- 
tionships it is guestionable whether these forms exhibit the 
necessary characteristics to be useful in force mix analysis. 

NecondwicgerOrcester sand Robinson [1], a critical 
shortcoming in the firepower score method with constant weapon 
values results from the linear relationships I = 


ee Gane in 
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the model the change in I is proportional to changes in num- 
bers but real world evidence indicates that changes in the 

mix of weapons has a strong influence on the relative value 

ef each weapon type. In the model the value of the 1000th 
weapon is the same as the lst, 10th, and 100th weapon of the 
Same type. This exhibits no diminishing marginal returns as 
weapons are added [1,3]. A saturation point would be expected 
whereby the addition of more weapons would no longer contribute 
to combat potential and then the model would exhibit diminish- 
ing marginal returns. The diminishing marginal returns effect 
should exist in the model. 

The value V in the Counterforce Potentials model 
is an implicit function of allocations, effectiveness, weapon 
quantities, and one on one kill potentials. An increase in 
the number of direct fire weapon i affects not only the total 


“Aw 


fel potentials ion j, ee bucwakse: 7 On 1, Pai? and thus 
the values of Vii Ve for all i,j in the Blue and Red forces are 
meeemartected. “has is Significantly different from previous 
meee power scores and this characteristic is valuable. MThus 
ali the relative values may change for both the red and blue 
force with just the change in one weapon i's quantity. The 
saturation and the diminishing marginal returns issue will 
be investigated in Chapter IV. 

The force ratio is used to compare the total blue 


force value to the total red force value. Inprevious dynamic 


eeimeae models the force ratio is used to predict damages, 





casualties, and maneuver distances. The force ratio here is 
a static comparison of force values. The ratio form indi- 
cates that the weapon values must be ratio scale numbers. It 
does not seem unreasonable to assume an absolute zero point 
exists for all weapon values. 

A difference relationship of blue and red values 
seems reasonable to investigate as an alternative to the ratio 
method. An example will best illustrate the investigation. 

Case l: Let ce = 10, and we = 30. The force ratio 
is .3 and the difference measured by oe is -20. In case 
2 let the blue value be 12 and the red value 33. The force 
ratio is .3636 but the difference is -2l. In the difference 
relationship the greatest value is better thus case 1 would 
be chosen. In the force ratio method case 2 would be chosen. 
The force ratio tends to make more sense to the military mind 
whose normal military training causes him to think in terms 
of ratios and not differences. 

The force ratio tends to be the better approach as 
the measure of effectiveness used to quantify the impact of 


increases or decreases in weapon numbers for a given scenario. 
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fi tee METEOROLOGY FEOW 


In Chapter III the input-output flow between the sub- 
modules will be examined in relationship to the goal of the 


model. The flow will be consistent with Figure 7. 


DATA AND ASSUMPTIONS SUBMODELS RESULTS 










Kifer. Victim 
Scoreboards 


— |.) 





Reianve Vatues of | 
Egenvalve Bee Owect Fre W 
eepors 
lage Na and Forces 





Figure 7. Methodology Flow 


The goal of the model as related by Mr. Hap Miller? and Mr. 


4, ere 
Mem Hater 1s to enable the cecision makers to analyze tne 


Maite. Hap, Interview, Naval Postgraduate School, 
Perit 1982. 


“sare, T., Interview, Naval Postgraduate School, July 1982. 
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force mix changes against a constant opposing force in order 
to determine if the best force mix structures of US forces 
have been achieved. The measure of effectiveness, MOE, for 
this is the force ratio, the model's final output of the last 


submodule. 


A. COUNTERBATTERY EXCHANGE 


i. inewe Cul Puc Flow 


The key input and output of this submodule are the 
NS, the input for the number of rounds fired in this sub- 
module, and Eas the output for the fractional effectiveness 
of the indirect fire weapon types. Nv is solely a function 
of user inputs: the number of weapon i (W.), the rate of fire 
of weapon i (R.), the length of the indirect fire period (T.), 
and the fractional allocation of fires to counterbattery 
CB 


cr: 


4 ). The fractional effectiveness of weapon i, Ewe is calcu- 


lated as one minus the product of fractional losses to weapon 
i and is carried to the next submodule for use as an input. 
2. Problems in the Counterbattery Submodule 
a. No Degradation of Rounds Fired in Counterbattery 
During the 30 minute indirect fire period the 

optimistic number of rounds to be fired is all expended. Al- 
though attrition is taking place to the opposing susceptible 
indirect fire systems during the period the number or rounds 
[meseea by 1 at j, Or j} at i remains fixed throughout the ex- 


Change. All remaining submodules take into account degradation 
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or attrition in their exchange. The methodology should re- 
flect the on-going attrition in a degradation of the number 
of rounds expended in the counterbattery exchange. 
b. Counterbattery Submodule Proceeding Countermaneuver 

This proposed organization 1s somewhat contradic- 
tory to the logical flow of combat. Counterbattery missions 
firing first are only valid when firing preparatory fires 
preceeding an attack [9] and depend heavily on intelligence 
information and use area fires. Since this model employs a 
weapon susceptibility to counterbattery fires it does not 
seem to be reflecting the preparatory fires but the fires 
Girected at thwarting the enemy's firing of missions which 
would prohibit our maneuver forces from performing their mis- 
weme|9|. Normally during a direct fire battle the opposing 
forces fire indirect fires at the maneuver forces. These 
firing systems become subject to detection and, if detected, 
will be engaged by the other indirect fire systems. Thus, 
in most cases, the counterbattery exchange would occur after 
the start but during the countermaneuver exchange. 


Gatiscm Specinication Of Susceptibility to Counter- 
battery Fire 


The user's designation of the indirect fire weapons 
as susceptible or not susceptible to counterbattery fire does 
not account for all the possible cases mentioned for the reason 
to fire counterbattery. In most cases the indirect fire sys- 
tems become detected and engaged by opposing indirect fire 


systems. The probability of detection (based on rounds fired 
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per weapon) and the conditional probability of engagement 
given a detection should be employed in lieu of user speci- 
fication. Range could be a determining factor in that sys- 
tems out of Opposing firing range would not be considered 
in the counterbattery exchange. All other systems not affected 
by the range should be considered using the probability of 
detection and the conditional probability of engagement given 
a detection. 

d. The Meaning of the Fractional Effectiveness, E. 

The fractional effectiveness of indirect fire 

weapons is dominated by the optimistic number of rounds ex- 
pended and the user's specification of which weapons will 
receive counterbattery. This allows the user to directly 


influence the entire exchange. 


B. COUNTERMANEUVER EXCHANGE 
me iInpue-Outpuc Flow 
The key input for this submodule is the fractional 
effectiveness of each indirect fire weapon, Ey from the 
counterbattery exchange and the output is the fractional 
effectiveness, Es of each direct weapon. The input is used 
to degradate the number of rounds expended in the counter- 


maneuver exchange. The output is carried to the direct fire 


exchange as an input. 
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2. Problems in the Countermaneuver Exchange 


a. The Countermaneuver Exchange Comes After 
Counterbattery 


As stated in the previous section the counter- 
maneuver exchange should not logically follow the counter- 
battery exchange. 


b. The Countermaneuver Receives the Entire 
Degradation of Rounds 


In this section the entire degradation is applied 
prior to the exchange beginning. In most cases the counter- 
maneuver exchange would begin its fires at full strength. As 
Seecitlon occurs, due to counterbattery, the number of rounds 
is reduced. Perhaps a discrete time interval which reflects 
attrition to counterbattery and thus reduces rounds applied 
to both exchanges would be a better reflection of the combat 
abilities of indirect fire weapons. 

c. No Concentration of Fires 

The most unique and significant generator of immedi- 
ate combat power is the ability of US fire support to mass 
Mmaetir fires, 1.e€., manv battalions firing accurately on the 
same target [9]. In this submodule there is no provision for 
this key mission of the artillery. The opposing weapons are 
not being exposed to mass fires therefore their fractional 
effectiveness is not reflecting total kill potential of tne 
indirect fire systems. 


(eOescerteton co, ehe Indirect Fire Systems by 
Direct Fire Systems 


iiemmanelves elements  mMoOrears are considered an 


indirect fire system and are generally deployed in range of 
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direct fire systems. Their deployment makes them suscepti- 
ble to direct fire weapons. This is not considered in the 
model. None of the indirect fire systems are ever attrited 
by direct fire weapons. Interactions of direct and indirect 
weapons iS important for force mix questions, thus the ab- 
sence of the impacts of direct fire on indirect fire weakens 
the force mix relationships. 
e. The Meaning of the Output, ES 
The output Es is the fractional effectiveness of 
direct fire weapons due to the opposing indirect fire weapons. 
This output is biased by having all round degradation applied 
to this exchange. 
f. No Value Given to Indirect Fire Weapons 
In order to adequately assess force mix questions 
the indirect fire systems should have a value assigned to 


them which can be related to the direct fire values. 


See DLRECT FIRE EXCHANGE 
He neue -Oueput. Flow 

The fractional effectiveness, Eas from the Counter- 
maneuver exchange is used as an input in the calculation of 
the total kill potentials of the direct fire weapons. It is 
used with the one on one kill potentials, Saat calculated 
internally in this submodule, and the user specified ailocation 
6f fire option and the number of direct fire weapons i to 
get the output, Pago and the total kill potentiais. These 


Pag and Psi are the matrices of the eigenvalue method. 
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2. Problems with the Direct Fire Exchange 
a. No Foot Soldiers in the Model 

There are currently no provisions for foot soldiers 
with their basic rifles and machine guns. A force mix struc- 
ture in the US Army today is predominantly foot soldier 
oriented. Several divisions, the 7th and 9th, are unmechanized 
Infantry divisions and thus are even more dominated by the 
foot soldier. The model needs to be responsive for all divi- 
Sions' force mix questions to be an effective analytic tool. 


b. The Implied Use of Th: the Direct Fire Period 
Length 


It is implied in the methodology review that the 
value of Th can be changed to reflect a longer fire period, 


thus affecting the kill potentials. In fact the value of Th 
is doing no more than acting as a scale parameter applied 

equally to all ce and i Eigenvalue methods are invariant 
to scale changes and thus a change in Th has no effect on kill 


potentials or the subsequent weapon values. 


Meee ELGCENVALUE METHOD 
Poe lnpuc-Output Flow 
The killer-victim scoreboards, the Pa and Page are the 
key input to the eigenvalue method. These matrices reflect 
the scenario dependence of the eicenvalue methodology. They 
correspond to the re and eee matrices explained earlier. 
The outputs of the method are the relative values of the 


weapons and the force ratio, the MOE. 
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2. Problems in the Eigenvalue Method 


a. Indirect Fire Weapons in the Force Ratio 
Calculation 


The force ratio does not explicitly reflect the 
value of the indirect fire weapons. Force mix questions con- 
cerning indirect fire systems are not explicitly addressed in 
this methodology. 

b. Weapon Changes and Their Effects on Weapon Values 

The effect that an increase in a weapon i has on 
weapon values and the resulting force ratio cannot be alge- 
braically examined. The shortcomings previously mentioned 
of linearity and the failure to display diminishing marginal 
returns may occur in this model. This will be investigated 


numerically in Chapter IV. 


Pee 2HE FORCE MIX ANALYSIS 
1. General 

After the scenario is run the model proposes that by 
varying weapon quantities a new force ratio 1S obtained and 
compared to the original or previcus force ratios. Within 
the model a change in weapon quantities affects not only the 
value of that weapon type but also the value of opposing weapon 
types. Although the opposing force size remains fixed in 
quantity its relative value changes. The force ratio is not 
Just an improved blue force value being compared to the same 
red value but a completely new ratio of a new blue value to 


a new red value. A higher ratio is an improvement in the 





force mix according to the model's methodology and assumptions. 
In most cases the user will have to reexercise the model in 
order to obtain the force ratio. The user requires a means 

in which to begin his force mix analysis. Haphazard changing 
of weapon quantities is not an acceptable method for force 

mix analysis. 


2. Predetermined Weapons and Quantities in Force Mix 


Analysis 


This is the simplest case, whe e the user knows prior 
to the original run which weapons and their quantities are to 
be examined. Inputing the changes in quantities and rerunning 
the model vields the new force ratio for the user to compare 
with the previous ratio. The user tests all his quantity 


changes and the best ratio implies the best force mix for that 


scenario. 
eee seaeoRnece NOE Predetermined For Force Mix Analysis 
a. Direct Fire Weapons Versus Direct Fire Weapons 


In this case it seems feasible to allow the weapon 
value to determine the starting point for force mix analysis. 
Normally the weapon with the highest value would be a reason- 
able choice for further analysis. A high value implicitly 
meeles SUrViVability traits, thus it is a logical choice for 
force mix analysis. 

Pence aTeces Versus Direct Fire Systems 

The indirect versus direct fire systems question, 

Memen 15 a Significant decision for today's commanders, can- 


not be analyzed in a straightforward manner. The direct fire 
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weapons receive a relative value and thus can be rank ordered. 
The indirect weapons are not as well defined in the model and 
neither receive a value nor are rank ordered. A comparison 
of the perceived worth of an indirect weapon versus a direct 
fire weapon is not clearly available after the original run. 
There are no hints in the model as to the answer. It appears 
that the only available method is a system of trial and error 
where the user makes changes to weapons of the indirect and 
direct fire weapons and compares the resulting force ratios. 

c. Indirect Versus Indirect Fire Weapons 

The user is again faced with the same problem as 
before, where to begin? The model gives no relative value or 
rank ordering to the indirect fire weapons so the user does 
not Know which indirect system is achieving the most success. 
Again the user seems to be forced to a system of trial and 
error as before. 
4. Summary 

If the model's methodology for calculating and using 
the force ratios is acceptable, then a methodology must be 
addressed for force mix analysis. In previous models employ- 
ing imputing linear values to weapons, all weapons received 
relative values and were rank ordered. Thus the methodology 
for a Situation where the weapons were not predetermined 
seems intuitive. The Counterforce Potentials model's treatment 
of the indirect fire systems in that they cannot be compared 
@eeranked with the direct fire systems makes the force m1x 


analysis difficult and unsystematic. The model's purpose is 
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to be useful in force mix analysis and currently it is not 

as useful as it could be expected to be. The model needs an 
internal methodology to approach the force mix analysis faced 
by the user. Once this methodology is provided for the user 
the model gives a methodology to compare the force mix rela- 


Eeonships, the force ratio. 
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IV. COMPARISONS AND NUMERICAL SENSITIVITY ANALYSIS 


A. INTRODUCTION 

In this chapter, four methodologies of imputing value to 
weapon types are examined and compared. The four methodolo- 
gies are the "subjective" firepower score method, the product 
firepower score method, the eigenvalue method, and the Counter- 
force Potentials method. 

A hypothetical scenario is given and the force ratio is 
calculated for each methodology. A comparison of weapon order 
rankings and the force ratios is made to test the consisten- 
c1es among the methodologies. 

Numerical sensitivity analysis is applied to the Counter- 
force Potentials model to investigate the relationships of 
increases in direct and indirect fire systems to the changes 
in force ratio. Numerical sensitivity is also used to examine 
Mmrmeorce Mix trade off analysis for the scenario. The force 
mMixX investigation includes both the direct and indirect fire 


weapon types. 


Bee LHe SCENARIO 

The scenario chosen for tne analysis 1s a meeting engage- 
ment between an armored heavy U.S. division and two soviet 
motorized rifle divisions. The range for our engagement is 
between 1000-2000 meters. Allocation of fire is limited only 


to the fractional allocation by numbers of available targets 
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Sie LON . 


types for each force. 


and 


Ue 


hee M 


Tank M60A3 
TOW (ITV) 
Helo AH-l 


How. 155mm 


eSUBJECTIVE” 


The Scenarl1o 


Division 


Quantity 


520 
ole) 
18 


36 


DERE eOwen SCORES 


TABLE 7 


Soviet 


Ol 


ani 7 Z 
BMP 
Helo Hind 


How. 122sp 


The weapon systems considered are limited to four 


Divisivon 


Quantity 


240 
108 
24 


86 


A committee of military officers were given the scenario 


asked to assign values to the weapon systems based upon 


©eo 100 scale. 


TOW 
Howitzer 
dean Kk 


AH-1 


Their results 


Value 


40.0 
6070 
80.0 


eNO le 0) 


TABLE 8 


12 


Welle: 


Subjective Scenario Results 


Soviet 


BMP 
Howitzer 
Tank 


jplaue ye! 


Value 


Bo A.0, 


3070 


Coe 0 


83.0 





ie Pu ge cee me lucEhOonce Value 


The blue force value is equal to the sum of the weapon 
di 
values times the quantity of weapon types Oe = ) tg <a). 
i=l 


ve fe algo. 


Z Poe wece ave whea sorce Value 


The red force value cv) is formed the same way as 


Zi 
foe = |) vexo®. v® is 52779. 


o. ~sorce Ratio 
The force ratio is equal to the blue force value 
Givided by the red force value cay de Me LOGmeCCLrAatLl©O 


equals .5945. 


D. PRODUCT METHOD 

The product method uses the product of lethality times 
the expected expenditures of ammunition to obtain the weapon 
values. The weapon values for the scenario were extracted 
from FM-105-5 which uses the product method to obtain the 


values of the weapon types [4]. 


TABLE 9 


Product Scenario Results 


Bes. Value Soviet Value 
Tow 60.0 BMP oO Meee, 
Tank a2 70 Tank 84.2 0 
Howitzer SO. 0 Howitzer 20.20 
AH-1L e270) Hind iO) 20 
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1. Blue Force Value 


of 
Using the formula ve = ) Va Cac Eveevaluc Of tlle 
i=1 
Beeue force is 16516. 
PP Gerorce Value 
J 
R R R 
Using the formula Vv’ = ) Re Oe, the value of the 
j=l 


red force is 27160. 
3. Force Ratio 


The force ratio (v°/v®) equals .608. 


eee Oo LGENVALUE METHOD 

This method uses an APL program entitled "Poten" which is 
available at the Naval Postgraduate School.” 

In order to use the program the attrition matrices a 
and Dag had to be developed. They were approximated by the 


mmoauct Of acquisition rate, target selection fraction, and 


the single shot kill probability. The matrices used are: 


TABLE 10 
eee cite iG JExX 
1) 
BMP Tank HOw Hind 
TOW 3025 Pes: 0.0 0.0 
Tank eS 2 0.0 Ooo: 
How 205 ies gene: O20 
AH-1 OS Oye 26 0 
>Hartman, James K., Unpublished class notes on Mathemati- 


cal Models in Combat, Naval Postgraduate School, 1982. 
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iNeiog, ALE 


Deeoeacir 1x 


set 
TOW Tank How AH-1 
BMP “ul Obs: 225 0.0 0.0 
Tank MS) ZO 0.0 0.0001 
How .04 Lees) de S| O20 
al sLinel 05 eS Do 0.99 


The weapon values obtained are: 


TABLE 12 


Eigenvalue Scenario Results 


w.S. Value Soviet Value 
TOW JeO BMP (Recah 
Tank 2.69 Tank JER y &. 
How By fees! How 4.72 
AH-1 Jey (e) & Hind Uae Fi 


1. Blue Force Value : 
Using the formula Woe ) Te Oa: the value of the 
Paeae rorce is 1366.08. : 
2. Red Force Value 


Using the formula ee 


lI 
Io Cy 
<i 
. + 
x 
‘@) 


R z 
ae the red force value 


eewals 2281.91. 
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CapeeEOrece Rat10O 


The force ratio Cie KE equals .599. 


F. COUNTERFORCE POTENTIALS MODEL 
Allowing the model to run using the given scenario the 


following weapon values are obtained: 


EAB EE 13 


Counterforce Scenario Results 


U.S. Value Soviet Value 
TOW Pe all BMP 6 
AH-1 .66 Hind ed 
Tank se, Tank eel 


No values are assigned to the howtizers as they are an indi- 
rect fire system. Their effects are included in the values 
of the other systems. 

l. Blue Force Value 


Using the formula ve VEX Qs, the blue force 


lI 
I) be 


value equals 356.6. 
Z2. Red Force Value 


., che red force 


J 
Using the formula v* ) z > 
ssl J 


value equals 594.6. 


SB. Force Ratio 


The force ratio fey) equals .60. 
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fon COMPARISON OF THE MODELS 
The weapon order rankings and the force ratios are inves- 


tigated for consistency. 


i Veopenenank Orderangs 
The ordering are displayed in Table 14. 


TABLE 14 


Rank Order of Weapons 


Subjective Product Eigenvalue Counterforce 
HIGHEST AH=-1 AH=-1 AH-1 Tank 

Tank TOW Howitzer PN eh IE 

Howitzer Howitzer Tank TOW 
LOWEST TOW Tank TOW 


The rank orderings are not consistent. The lack of 
consistency in weapon order ranking should alarm the reader. 

Each method orders the weapons in accordance with 
Gifferent criteria. Examining the tank across the methods 
shows the tank varies from the lowest in the product method 
to the highest in the counterforce method. One should expect 
tne methods to yield somewhat consistent results for the same 
scenario with the same weapons. Each method measures the 
Value of a weapon in accordance with certain characteristics 
of the weapon. These characteristics are similiar but are 
quantified differently. One should expect similar characteris- 


tics to be ordered consistently for the same weapon. 
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2. Force Ratios 
The force ratios calculated from each methodology 


are displayed in Table lL5. 


ABIES ao 


Force Ratio Comparisons 


MODEL FORCE RATIO 
"Subjective" Foo 5 
PLOaUCE .608 
El1genvalue ae), 
CounEeeCrETOrCe .600 


The force ratios appear to be consistent. The consis- 
tency reveals that although we may value systems differently 
according to different characteristics, the ratio of the two 
opposing forces is approximately equal among the methodologies 
for the sample scenario investigated. 

The force ratio was examined to see if the Counter- 
force Potentials model yielded radically different results 
from other models already used in combat modeling. It 1s 
concluding that for the sample the model yields a result 


which is consistent with known models. 


Pee NUMERICAL SENSITIVITY ANALYSIS 
Ll. General 
In order to realize the difficulty in the Counter- 


force Potentials’ theoretical sensitivity analysis, a 
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comparison is shown between it and the subjective WEI/WUV 


model. Figure 8 illustrates this comparison. 


INPUTS 
X FORCE 3 : INDEPENDENT 
Y SORCE 


WEIGHTS OF X AND Y 
CHARACTERISTIC FORCE LEVELS 
SCENARIO VALUES 





| COUNTE RFORCE 


| POTENTIALS WEI/WUV 





oD 
oe Dependent on COI NO We Independent 


mane y =£OECe Gf ox cand 
yy levels and oy force 
V 
3 scenario levels 





Figure 8. Models Comparison 
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As displayed in the figure the force ratio is formed 
from the same expression. The characteristics of the ex- 
pression are critical to the force mix and sensitivity 
analysis. 

In the WEI/WUV method the value of each weapon is 
independent of the quantity of weapons to be examined. The 
incremental increases in weapon numbers display the same in- 
creasing linear rate of the force ratio for increases of the 
Same weapon by the same amount. The weapon with the highest 
individual value improves the force ratio the most. The 
marginal worth of the weapon increases is readily calculated 
but the linearity of the method makes its use suspect for 
force mix analysis. 

In the Counterforce Potentials model the values of the 
weapons are dependent on the force levels and the scenario. 
Increases in a blue weapon quantity not only affect the value 
of the blue force but also can affect every weapon value in 
the opposing force. This makes any attempt at a straight- 
forward algebraic sensitivity and force mix analysis extremely 
emer ea cult. 

For this reason numerical analysis is used to investi- 
gate the relationships to see if the model is linear and if 
it displays diminishing marginal returns. 

2. Numerical Analysis 
a. Force Ratio Versus Weapon Quantity Changes 
From the scenario's basic weapon input quantities, 


an investigation into the relationships of all blue weapon 
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increases to the force ratio is made. In each case the weapon 
under investigation is increased by varying amounts. For 

each weapon increase, all other weapon quantities for the 

red and blue force remain constant. These weapon increases 


are displayed in Table 16. 


TABLE 16 


Force Ratio Versus Weapon Changes 


Type Force A Force Slope 
Weapon Quantity AQ Ratio Ratio (AQ/ AFR) 
Tanks SAA8) -— sol) a= = 

3) VAIS 6 ork BOUL .00166 
338 a2 .64 “Os 5002s 
374 36 eyes Ord SOO 22 
640 320 ae its. .66 Bao Z 
1000 360 Dea] Be): OO 
10000 9000 Itsy ALS. Heyes 0) OZ 
TOW (ITH) 50 -- .60 
Be 3 .61 =Oc: 0).0) 21 
56 3 {Sil 20.0 00 
68 2 263 sO .0016 
100 8 = 710) 507 mOIO2 
AH-1 18 -=— 260 a= == 
24 6 mone Oa FORO RILIS TS) 
36 1 .o4 2038 S00) 2s 
Howitzer 36 -- 00 -- 
42 6 a1e8) 
54 WY: 1510 
Ee 18 oul: Ol 0 Oye 
90 18 aol 0) 0 


fee adirtrlerence Qvew 7 2yew-7' “AFR = difference FRoew ~ FRyew-1 
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In Table 16, the slope (change in force ratio/change 
in weapon quantity) is examined because the slope represents 
the rate at which the output (force ratio) changes due to the 
input (weapon) changes. The rate of change for each increase 
of the same weapon is approximately the same. As displayed 
in the graphs (Figures 9-12) the relationships appear to be 
linear. 

[emis eChTtEical tO point Out that the Counterforce 
Potentials model rounds the force ratio to the nearest 100th. 
In the case of the howitzers this rounding makes the graph 
almost useless for examination. 

These graphs tend to indicate constant returns to 
Beale and show the model fails to exhibit diminishing marginal 
returns. Diminishing marginal returns is a property where as 
the quantity of a weapon is increased, the rate of increase 
of the FR is not constant, but rather diminishes. Ultimately 
a point might be reached where the force ratio actually de- 
creases for further weapon increases. This has been called 
Ene saturation point of a weapon. This property is a must for 
Merce Mix analysis. This model fails to display diminishing 
Marginal returns. 

Linear models do not possess this property. In linear 
models weapon increases always result in force ratio increases. 
Gaus the effect of one weapon dominating the force mix is 
highly probable. Linearity is a shortcoming noted in force 


Mix analysis. This model is linear. 
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Figure 12. Force Ratio Versus Howitzers 


Note that the rounding off of the force ratio makes the 
actual graph unknown for the howitzers. 

Bemeotatistacal Test for Linearity 

Due to the results of the model runs, a statis- 

tical F test was run for each weapon to test if its relation- 
ship to the force ratio was linear. Appendix B contains the 
Statistical F tests. The results of the test reveal that one 
rejects the insignificance of the linear coefficients hypothe- 
Sis at the .05 and .01 significance levels. Thus the F test 


implies that linear is a good fit to the data. 
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c. Force Mix 

In force mix analysis there are two methods: the 
predetermined and not predetermined methods. In the predeter- 
mined force mix questions, which will be referred to as the 
predetermined case, the user knows which weapons and what 
quantities are desired for investigation. In the not pre- 
determined force mix questions, which will be referred to as 
the flagged case, the user allows the model to flag the weapon 
to be investigated. 

The predetermined case questions are easily 
answered by the model. For example, suppose in our scenario 
it was critical to know whether to increase the tank force 
by one platoon or the artillery by one battery. Running the 
model with these changes shows the tanks improve the force 
ratio more than the artillery battery. Thus the recommenda- 
tion would be made to increase tanks by one platoon. 

The flagged case questions are not as easily 
answered. For example, suppose the commander wanted to im- 
prove his force ratio. The user would have to rerun the model 
with all possible force increases in order to answer the force 
mix question. The optimal solution may be omitted by user 
error and never achieved. 

d2 fmade Off Analysis 

Through numerical analysis an investigation is 

made into the number of each blue weapon needed in order to 


increase the force ratio by the same amount. Our goal is to 
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determine if the quantity of weapons required to achieve a 


Sepeain L£obCe Gatio seem reasonable. 


TABLE 1/7 


Trade Off Analysis 


BASE REQUIRED FORCE 
ee M QUANTITY QUANTITY DIFFERENCE RATIO 
Tanks S20 BiZ6 6 aoa 
TOW 50 5.0 3 Saal 
AH-1 ets 24 6 sel 
How 36 90 54 moor 


As shown in the table, the relationship of the 
direct fire weapons (tank,TOW,AH-1) seem reasonable. The 
relationships says that a platoon of tanks 1s equal to a 
feracoon Of TOWS or a platoon of AH-Ils. 

It does not seem reasonable that a platoon of 
any of these direct fire weapons would be equal to a battalion 
meus Of artillery. This is a significant flaw in the model's 
ability to examine force mix trade offs between direct and 


indirect fire weapons. 


oh, 





Vim olcCEUs LONS 


The Counterforce Potentials model has significant flaws 
which make it questionable for use in force mix analysis. 

The flaws discovered in the trade off analysis and the model's 
linear traits make the model suspect for use in the force mix 
analysis. The model seems not to display diminishing marginal 
returns which is a must for a model to be used for force mix 
analysis. 

The model's strengths are in the following areas: 

(l) Quantifying for each weapon type, more battlefield 
interrelationships within the oe and the ae matrices than 
the previous firepower score or AP-P models. These interrela- 
m@ronships include the calculation of Soe with its attributes 
and the use of the indirect submodules to calculate E. which 
are both used to calculate the P48: 

(2) The straightforward flow of the submodules. 

(3) The Counterforce Potentials force ratio 1s consistent 
with other linear models thus showing no radical numerical 
results. 

The model's weaknesses include: 

(1) There does not exist a value for the indirect fire 
systems which can be realistically compared to the value of 
the direct fire systems. 

(2) The battlefield characteristics are not all quanti- 


fied in an accurate or believable fashion. 
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(3) The model does not allow the artillery to fire mass 
SEenconcentration ©f fires at a target or target group. 

(4) The indirect fire submodule yields results which are 
not intuitively plausible as shown in the trade off analysis 
between the direct and indirect weapons. 

(5) The model tends to be linear in the relationship 
between changes in force ratio and weapon quantities thus the 
model will not flag foolish combinations of weapon mixes. 

(6) The model does not exhibit diminishing marginal 
Beeurns. 

(7) The model excludes the foot soldier and his basic 
weapons. 

(8) The model does not allow the direct fire weapons to 


engage the indirect fire weapons. 
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VI. RECOMMENDATIONS 


In order to improve the model the following recommenda- 
tions are suggested: 

(1) A value which can be realistically compared to the 
direct fire systems needs to be developed for the indirect 
fire systems. 

(2) The direct fire weapons need to be able to engage 
susceptible indirect fire weapons. 

(3) Foot soldiers need to be included in the model. 

(4) Degradation of rounds for both counterbattery and 
countermaneuver need to be included in the model. 

fo eee Replace the user specified susceptibility for counter- 
battery fires with the probability of detection and the proba- 
bility of engagement given a detection, and modify the section 
appropriately. 

(6) The indirect fire submodules should reflect the 
artillery's ability to mass fires on known large enemy force 
locations. 

(7) The order of the indirect fire submodules must be 
examined and modified to reflect the tactics and artillery 
missions being employed in the scenario. 

(8) Increase the fractional allocational options for the 
direct fire systems to include the fractional effectiveness 
factor of the opposing system Ve) When the quantity Of that 
weapon (Q.) to use Be Ou in lieu of just Q.. 


s 
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(9) Improve the model so the indirect fire systems dis- 
play a more logical trade off analysis with the direct fire 
weapons. 

The following are suggested areas of future investigations: 

(1) The consistency of the computer program to the 
theoretical documentation. 

(2) A complete numerical analysis for all the input 
parameters of the model to examine their effects on the 
eucputs. 

(3) Validate the model with data collected in major 


exercises such as Reforger. 
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APPENDIX A 


COUNTERFORCE RESULTS 


A. GENERAL 
This appendix contains a summary of the Counterforce 
Potentials computer runs which were used to perform the 


numerical analysis in Chapter IV. 


B. SCENARIO DATA 
The scenario data is the same base case as shown in 
Chapter IV. The inputs are varied in each test run and the 


resulting values and force ratios are shown in this appendix. 


ee LEST RESULTS 
1. Howitzer Changes 
In these runs the howitzers were varied from 36 (base 
case) to 42, 54, 72, and 90. These quantities were chosen to 
represent changes of one battery, one company, one battalion, 
and one battalion plus reinforcements. 
a. Case: 42 Howitzers 
Blue force value: 356.7 
Red Force Value: 593. 
HeOmee Ratio; .60 


The weapon values were: 
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TABLE 18 


Howitzer (42) 


M60 Ee) S| AH-1 BBY 2: BMP Hind 
Value ILS eel aoe) 1 6 (0) dh 72.0 el 
Quan. 520 a0 he 540 108 24 
Total SS) Fags 12 546 28 3 
b. Case: 54 Howitzers 
Blue force value: 356.7 


Red force value: 589.9 


Force ratio: . 60 


Tape 19 


Howitzer (54) 


M60 evel AH-1 7 2 BMP Bane 
Value L200 nes I . 66 1 0m a2 5 Oe, 
Quan. 320 50 18 540 108 24 
fecal 319 ZS te? 544 ZT ims: 
c. Case: 72 Howi1tzers 


The blue force value: 356.7 
The red force value: BES. 3 


Threw rOor ce .catio: -6l 


Oy 





WAR EE 20 


Howitzers (72) 


M60 sha 3 Ane ate BMP slabate. 
Value 00 Mowe .66 Peek e 5 AS. Bh) 
Oiran, CPC 20 18 340 LOIS 24 
eyes Bg 26 IL 540 Daa Ls 


qd. Case: 90 Howitzers 
Blue force value: 356.7 
Red force value: 580.7 


Force ratio: On 


BAS iGn, 21 


Howitzer (90) 


M60 (EAs! AH-1 rae BMP Hind 
Pawe ae OO poy 66 so .24 aie) 
Quan. 320 30 ic 540 108 24 
Total Bag 2 dbz Sa, 26 18 


fe Tank Changes 


In this section the tanks were varied by 6, 18, and 


34. These correspond to increases by a platoon, a company, 
ee a SCattalion of tanks. Tanks were also run at 640, 1000 
and 10000. 


OR? 





as Case: S26. tanks 
Blue force value: Boe. / 
Red force value: 592.5 


Force ratio: rac 


TABLE 22 


ames (o26)} 


M60 lige et AH-1 ee 2 BMP Hind 
Value 1200 pone 166 PO BANG 21 6 
Olen . S215 50 18 540 108 24 
Betal 325 26 2 546 28 Ihe 


b. Case: 338 Tanks 
Blue force value: 374.8 
Red force value: 587.9 


Force ratio: . 64 


TABLE 23 


Tamks (32s) 


M60 yes! Nol JE ae BMP Banc 
Value ih 2) po 6:6 figs 8) 216 mee, 
Quan. 338 50 18 540 108 24 
Total 337 26 eZ 542 237 18 





Value 
Owen . 


Total 


Value 
Quan. 


Total 


Case: 374 Tanks 
Blue force value: 410.8 
Red force value: 573.3 


Force ratio: 2 


TABLE 24 


Tanks (374) 


M60 Ter Aaa Ee 
nS 0),0, worl O16 Bais a: 
374 50 24 540 
BF) 26 2 oe 


Case: 040 Tanks 
The blue force value: 670.2 
The red force value: 484.8 


The force ratio: 41.38 


LAB EE 2 


Tanks (640) 


Mo0 Dhabi: A Tee 
JE 3870 te 76 n> 
640 50 24 540 
6 39 22 10 449 


104 


BMP 
ae 
108 


ZZ 


BMP 
210 
108 


22 


slatierel 
Pie 
24 


da, 


Hind 


24 


14 





Value 
Quan. 


Total 


Case: 1000 Tanks 


The blue force value: 


The red force value: 


Mne —fOorcewratio: 2% 


TABLE 26 


OZ asec 


eS ays 


Tanks (1000) 


M60 ie! AH-~-1 
Lee ee - 40 soe 
1000 50 24 
298 20 3 


Case: 10000 Tanks 


The blue force value: 


The red force value: 


a2 


Poul 


540 


438 


10006.4 


Saree. 


The feoree ratio: 18.26 


Jigave ila aee4a7) 


Tanks (10000) 


M60 IAW et AVG IE 
L200 30 a) 
10000 50 24 
9978 ine 2; 


LOS 


Tare 


94 


540 


503 


BMP 


72.0 


108 


Fag 


Bane 
156 
24 


nS 


Hind 


Oe 


24 





3. TOW Changes 


The TOW was varied by 3, 


6 and 18. 


These represent 


changes in TOWs of a section, company, and a squadron of an 


armored cavalry squadron. 


a. 


Value 
Quan. 


Total 


Value 
Quan. 


Total 


Case: 53 TOWs 


Blue force value: Sirs ~ 2 
Red force value: 591.6 
Force ratio: ste Jl 
PABLEazs 
TOW €53) 
M60 Jidk sl AH-1 
LA (38 Puyol .66 
S20 53 18 
319 29 eZ 
Case: 56 TOWsS 
Blue force value: 2505.8 
Read force value: S5See / 
Force ratio: POL 
TABLE 29 
TOW (56) 
M60 LTH AH-1 
1 ere Spl . 66 
B20 56 18 
Br9 29 pe 


106 


a2 


540 


5942 


AL ae 


}-4 


16110, 


540 


542 


BMP 


26 


108 


28 


BMP 


~26 


108 


28 


The TOWs were also doubled to 50. 


Hind 
. 76 
24 


is 


Jal sliale 
. 76 
24 


18 





Cc. Case: 68 TOWs 
Blue force value: 366.1 


Red force value: 577.5 


Force ratio: 263 
TAB EES 0 
TOW (68) 
M60 rea gl AH-1 sb BMP Hind 
Value 1.00 Meili -66 .99 25 aS 
Quan. 320 68 18 520 108 24 
Total 319 35 12 503 2 18 


d. Case: 100 TOWs 
Blue force value: 382.7 


Red force value: 550.5 


Force ratio: ge 
TABLE 3 
TOW, (010) 
M60 LTH AH-1L 2 BMP slalkeayel 
Value 00 aoe sie 7 pod ae Pay g 
Quan. 320 100 13 540 108 Za 
mOotal 329 ole de? 508 25 17 


4. AH-1l Changes 


The AH-l helicopter is varied by 6 and 18. These 


represent changes of a platoon and a ccmpany size. 
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a. Case: 24 AH-ls 
Blue force value: SheylOP te 


Red force value: 589.4 


Force ratio: Sb 
ARPS LAD © B52 
AH-1 (24) 
M60 1a! AH-1 me Z BMP Hind 
Value e200 eel .66 100 a7, Pa 
Ouan. 820 50 24 540 108 Dy (a 
Moral 319 26 16 5) 29 19 


b. Case: 36 AH-ls 
Blue force value: 369.1 


Red force value: 579.2 


Force ratio: .64 
TABLE 33 
AH-1l (36) 
M60 A Babs 5 AH-1 GZ BMP Hind 
Value eee00 sy Oy .98 ag me FT 
Sivan. B20 50 36 540 108 24 
Motcal 319 26 24 Bou 29 19 
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APPENDIX B 


STATISTICAL ANALYSIS 


A. GENERAL 
For each weapon a statistical F test was run on the 
hypothesis that the relationship between the weapon increases 


and the force ratio was linear [ll]. 


ie oLATISTICAL TESTS 


et coemesus Lest tor Linearlty 


a. Hypothesis (Hy) 
All the parameters are insignificant (no relation- 
ship between data). 


b. Alternate Hypothesis (H,) 


uy 
Some parameters are not insignificant (model is 
Jinear). 
CeeeGai tical Region 


Reject the null hypothesis (Ho) iz F is greater 


than or equal to F 
ArVi1V5 


2. F Statistics (From Tables) 


TABLE 34 


By Seaciseics 


ITEM DF Fool Fos 
Tanks (5 x) 8.47 A. 28 
TOW (4,4) M650 Cie 
AH-1 (353) 25S Or 
How (4,4) 156 0 oe 


LO? 





a. TANKS 


Letting Y be a vector of the force ratio for tank 


changes and X be a vector of the quantity of tanks resulting 


in the force ratio change, 


a 


PAB EES 25 


Regression Force Ratio vs Tanks 


Source DF sum Squares Mean Square 
regression ik Px 55 110)104,2 Ze ao Or2 
residual 5) OJ H2E= 2 io oa 2 
total 6 OY tc 

Reseuare:  .999'Giul 

Sreceerror: ~~. 141224 

C@emrve2rent: .10387 Booiets: 7 7 So 

esecinerent:  .0018 Estat or bts .45 

Reject Hy Since 1287 is greater than Da 
b. TOWs 


a regression was run on Y versus 


P=STAL. 


I eat oye: 


2 


Using the same format, the regression yielded: 


TAB EE 336 


Regression Force Ratio vs TOW 


source 
regression 
residual 
total 


DE Ss Ui) Sepblshal= Mean Square 
ih Org NOES S 2550-2 

3 55 hes dy lig A es, 
4 gle O es 


JE 


Paso baw 
36 ae 





Rescomare tn 49922 
Stecl error : 0041 
SQeorereteness .50! and .002, t-stats 73.02 and 19.53 
Reject H, since 381.3 is greater than Pp 
0 one are 
Ae 
AH-1 


Using the same format the regression yields: 


TABLE 37 


Regression Force Ratio vs AH-1l 


DE Sum Squares Meanusac Udire F-STAT. 
regression A 8.59E=-4 S.3905E=—4 pa as 
I, 7.14E-6 7.14E-6 

2 8.66E-4 
R square: .992 
Sea Cmymor: GEe00 26 
eoefiverents: nooterand .0023, t-<stats 99.99 
and 10.97 
Reject Hy Smeeml 20 o2 215 Greater “than F 


Coens, 
oe ae. 


Artillery 


Using the same format the regression yields: 


IIE 





TABLE 38 


Regression Force Ratio vs Artillery 


Selimnee Dy sum Square Mean Square |Site yi a 
regression it 6.78E=-5 6.78E-5 IES) 5 (es) 
residual 2 7,.18E-6 Se 5675-0 
meta! 3 (OR sas: 

Ri s@manre: .9042 


Std error: .00189 


coefficients: .592 and .0002 with testats 220.5 
and 4.34 
Reject Hy Since 18.89 is greater than F 
oO ae 


eC UMMARY 

In each case the testing yielded a large value for the F 
Statistic which indicated rejection of the null hypothesis 
(Ho) - The fact that some parameters may be significant 
implies that one must accept linearity at the .01 and .05 


Significance levels. 


JEL 
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